Pyxicephalus currently contains three recognized species, viz. P. adspersus, P. edulis and P. obbianus, the former two of which have a long history of confusion. Parry (1982) described P. adspersus angusticeps from Beira, Mozambique, which was synonymized with P. edulis. We re-examine the taxonomic status of Pyxicephalus taxa from Mozambique, examining the types and contrasting them to congeners throughout Africa. Morphological characters previously used to delimit species in Pyxicephalus are examined, and problems with some identified. Additional diagnostic characters and their variation in Pyxicephalus are discussed, and a revised key is provided. Confusion among species in the genus, type localities, literature and folklore led to P. adspersus angusticeps being incorrectly synonymized with P. edulis. We formally revalidate P. angusticeps, and designate a lectotype for P. edulis. The identity of voucher specimens from previous work suggests that the breeding ecology of P. angusticeps is distinct from that of P. adspersus and P. edulis, and that the advertisement call of P. angusticeps was used as part of the evidence for elevating P. edulis out of synonymy with P. adspersus. The previous confusion of P. adspersus and P. edulis does not affect the recognition of P. angusticeps. The wider implication of the previous misidentification of P. angusticeps as P. edulis is that most of the museum material labeled as P. adspersus from East Africa is P. edulis, and most of the museum material labeled as P. edulis from East Africa is P. angusticeps. This conclusion has been confirmed from East African museum material thus far examined.
Introduction
The African bullfrog genus Pyxicephalus is among the most charismatic of African Anura. In southern Africa, two species are currently recognized, viz. the giant African bullfrog, P. adspersus Tschudi, 1838 and the edible African bullfrog, P. edulis Peters, 1854 . A third poorly known species, P. obbianus Calabrezi, 1927 occurs in Somalia. Species boundaries in Pyxicephalus are poorly understood, particularly those between P. adspersus and P. edulis. Despite their obvious morphological differences, P. edulis was twice synonymized with P. adspersus and twice removed from synonymy with P. adspersus (Boulenger 1882; Loveridge 1936 Loveridge , 1950 Poynton 1964; Channing et al. 1994) . revised the genus in southern Africa, examining most of the holdings of southern African museums, and described the subspecies Pyxicephalus adspersus angusticeps from Mozambique. In a review of the status of Pyxicephalus in southern Africa, Channing et al. (1994) provided detailed accounts of the breeding biology and vocalizations of P. adspersus from Bloemfontein, and a species of Pyxicephalus from Beira, Mozambique, concluding that they were not conspecific and that two species of bullfrogs occurred in southern Africa. Channing et al. (1994) elevated P. adspersus edulis to species rank, at the same time synonymizing the TABLE 1. Definitions of morphological characters used to evaluate variation in Pyxicephalus.
1. Tibia tubercles and asperites: (0) irregularly dispersed; (1) some arranged into lines. 2. Dorsal Ridges, degree of development: (0) smooth or light ridges; (1) medium ridges; (2) heavy ridges and warts; (3) oval warts only. 3. Dorsal Ridges, width: (0) thick; (1) medium; (2) thin; (3) absent. 4. Dorsal Ridges, primary series: (0) absent; (1) only second present, running from behind eyes, weakly developed and incomplete; (2) first and second present, basically complete. 5. Dorsal Ridges, secondary series: (0) absent; (1) single ridge present between two dorsal primary ridges. 6. Darker speckles or stippling between larger mottled patches: (0) present; (1) absent. 7. Pale cross-bar dorsally above eyes in adults: (0) present, complete; (1) absent; (2) some spots but incomplete (state 0 additionally diagnostic for P. edulis). 8. Barring on upper jaw, between eye and upper lip, adult male: (0) present; (1) absent; (2) white blotches, not complete bars;
(3) faint but complete bars in washed out upper lip region (state 1 characteristic of P. adspersus, used in key). 9. Upper lip colour: (0) as between eye and upper lip; (1) light or unpigmented. 10. Odontoids (adults): (0) small, under-developed, usually wider than long; (1) as wide as long, triangular; (2) longer than wide (state 0 diagnostic for P. angusticeps, used in key). 11. Light spot on tympanum in adults: (0) absent; (1) present, thick blob or crescent; (2) present, thin line or crescent. 12. Tympanum width compared to eye width (adult males): (0) tympanum width less than or equal to eye width; (1) tympanum width greater than eye width (state 1 diagnostic for P. obbianus, used in key). 13. Tympanum, distance from eye: (0) greater than or equal to one eye width in distance from eye; (1) less than one eye width in distance from eye (Traditional form of this character). 14. Tympanum distance from eyes: (0) more than one tympanum width in distance from eye; (1) less than or equal to one tympanum width in distance from eye (Advocated form of this character). 15. Nuptial pads, breeding adult males: (0) absent; (1) present on Digit II only; (2) present on Digits II and III only; (3) present on Digits II, III and IV, sometimes wrist also (state 1 distinguishes P. angusticeps and P. obbianus from P. adspersus and P. edulis). 16. Mid dorsal (vertebral) stripe in adults: (0) present, thick, margins diffuse; (1) present, thin, well-defined; (2) absent; (3) on snout only (state 3 additionally diagnostic for P. obbianus). 
Mid dorsal (vertebral) stripe, if present (even in
subadults
Results
Characteristics examined and their coding within populations from broad geographical regions are given in Tables  1 and 2 . Based on our re-evaluation of taxonomic characters, we present a revised key to the species of Pyxicephalus. We argue that P. a. angusticeps has been confused with P. edulis, and elevate P. angusticeps New Status to species level. A distribution map of P. angusticeps New Status is presented in Fig. 1 , showing that this species extends northwards as far as Kenya. The holotype male of P. angusticeps New Status is shown in Fig. 2 , while two adult males and an adult female collected at or near the type locality (Mozambique) are shown in Fig. 3 . Two adult males and an adult female from near the northern extent of the known range of P. angusticeps (viz. coastal regions of Tanzania and Kenya) are shown in Fig. 4 . We designate a lectotype for P. edulis (Fig. 5 ), but one paralectotype of P. edulis (Fig. 6 ) is determined by us to be P. angusticeps New Status. Comparative figures are presented of well-preserved P. edulis (Fig. 7) , P. obbianus (Fig. 8) and P. adspersus (Fig. 9) , a comparative dorsal and ventral overview of adult males (Fig. 10) , metamorphs ( Fig. 11 ) and mandibular odontoids (Fig. 12 ) of recognized Pyxicephalus species. We found no evidence from museum specimens (Appendix 1) or advertisement calls ( Fig. 13) that P. edulis and P. adspersus are sympatric, or that P. adspersus occurs on the Mozambique plain. Diagnosis. This species is assigned to the genus Pyxicephalus by the combination of presence of mandibular odontoids (outgrowths of the dentary), femoral glands, cranial exostosis on the frontoparietals and nasals, hypertrophied inner metatarsal tubercle, and supraorbital flanges on the frontoparietals (see Scott 2005 for comparisons of these characters in other genera of ranoid frogs). Pyxicephalus angusticeps can be distinguished from P. obbianus (Figs 8, by the: (1) rudimentary webbing between the toes (more extensive in P. obbianus; Fig. 8F ); (2) tympanum width less than eye diameter (more than one and one half times eye diameter in adult male P. obbianus; Figs 8A, 8C), positioned approximately one tympanum width or slightly less from eye (less than half the tympanum width in P. obbianus; Fig. 8C ); and (3) vertebral stripe running most of the length of body (restricted to the snout in adult P. obbianus; Figs 8A, 8D) .
Pyxicephalus angusticeps can be distinguished from P. edulis (Figs 5, 7 , 10 E-F, 12C-D) and P. adspersus (Figs 9, 10A-B, 12A) by: (1) nuptial pads present only on innermost finger (Digit II) of breeding males (as in P. obbianus, but present on Digits II-IV in P. adspersus and P. edulis); (2) head of breeding males less proportionately enlarged (see Fig. 10 ), particularly in width, than in P. adspersus and P. edulis; (3) distinct subadult gular colouration (Fig. 11C) , which is darkly marbled and more persistent in the adult female (Fig. 3F) Fig. 8D in P. obbianus), whereas odontoids are large and well-developed in all other species of Pyxicephalus; (5) presence of at most poorly-developed dorsal ridges, usually the most distinct running from behind eyes (dorsum of type material covered only by weakly or strongly developed oval or round warts), whereas these are thick and highly developed in P. adspersus (Fig. 10A) ; and narrower, finer and often continuous in P. edulis ( Figs 5A, 10E) ; (6) vertebral stripe wide, pale (coppery-orange in preservation) and diffuse, formed by pale background colour visible between densely-packed, dark dorsal blotches, which are absent medially, with fine, dark stippling present elsewhere between dark dorsal blotches (Figs 3, 4) , whereas the vertebral stripe is absent in adults of P. adspersus, and variably (but usually) present, thin and pale green-yellow in P. edulis ( Figs 7A, 10) ; (7) femoral glands well-developed and relatively larger and more conspicuous than in all other species of Pyxicephalus. Head. Tympanum visible, subcircular (oval) in shape, slanted slightly anteriorly. Tympanum width smaller than that of eye. Tympanum positioned approximately its own width in distance from eye (i.e. less than one times width of eye away from eye). White spot or marking absent from right tympanum, but minute white spot present on left tympanum (Fig. 2C ). Upper lip with thin rim of light colouration. Upper jaw with four pale coppery-orange brown bars on each side; posterior two broader than anterior two. Two anterior-most bars on upper jaw on each side of face meet anterior to eyes. Gular region pale with diffuse brown colouration laterally. Light irregular spots (not a complete crossbar) across head above eyes. Head narrow, not as wide as body at level of sacrum, not disproportionately wide. Odontoids in lower jaw weakly-developed, triangular. Tongue notched, typically ranid, no mid-lingual papilla. Nostrils large, situated slightly closer to eyes than tip of snout. Secondary sexual characteristics. Nuptial pads visible only on Digit II (inner finger) of hand, covering most of dorsal and lateral surfaces of these digits, including side of thenar tubercle. Forearms only slightly thickened, indicating youth. Testes large, elongated, dark yellow in preservation with blackened mesenteric tissue above.
Limbs. A gracile, slender-bodied animal. Toes slightly webbed, web extending to half length of longest toe (approximately to level of proximal subarticular tubercle), such that three phalanges of longest toe free of webbing; remaining length of toes with slight paler lateral flanges. Inner metatarsal tubercle hypertrophied, spade-like; outer metatarsal tubercle absent. Digits of hand elongated, tapering, with slight paler lateral flanges. Ventral surface of hands lighter, dorsal side brown. Digit II (inner finger) longer than Digit III (second finger) and Digit V (fourth finger), Digit IV (third finger) longest. Subdigital tubercles present, large and rounded. Subarticular tubercles present on Digit IV, inconspicuous on other fingers. Thenar tubercle large and bilobed (not divided completely), palmar tubercle present. Palms of hands otherwise smooth. Digit tips unexpanded, rather narrowing distally, with a paler hardened tip. Dorsal and dorso-lateral surfaces of thighs, calves and along margin of tarsus with small white asperites, arranged loosely into lines on weak skin ridges on dorsal surfaces of calves. White asperites present on posterior third of dorsum, set on small raised tubercles, most densely arranged around cloaca. White asperites absent from ventral surfaces of limbs. Femoral granules present around cloaca, and on posterior-dorsal surface to half length of thighs.
Ventral colouration. Colouration of dorsal surface of calves extending onto ventral surface of calves. Flanks and underside of limbs lightly stippled with diffuse brown pigment. Abdomen off-white, granular. Pectoral region with two medially directed triangular 'waistcoat' scars 1 on each side, interior of which is coloured with diffuse light brown stippling.
Glands. Pectoral glands present, small, elongate, triangular and inconspicuous. Femoral glands large, elongate, oval, brown, inconspicuous, set within pigment horizon of ventral thighs, which is indistinct, grading into ventral colouration. Femoral glands positioned closer to knee than cloaca, confined to distal two-fifths of length of thighs. 1. These triangular 'waistcoat' patterns are commonly observed in Pyxicephalus, and may be relictual scars from the emergence of forelimbs. Dorsal colouration. Dorsum dark brownish-grey in preservation. Small rounded darker dorsal blotches visible anteriorly, indistinct posteriorly. No symmetrically arranged (opposite or alternate) blotches visible over urostyle region. Vertebral stripe broad, coppery-orange brown, the edges formed by irregularly-positioned, dark rounded dorsal blotches; vertebral stripe extending to tip of snout, but narrowing anteriorly from approximate level of eyes, and indistinct from approximate level of sacrum posteriorly. Small patches of mottling and stippling apparent anteriorly against pale base colour of dorsum, becoming less conspicuous posteriorly.
Dorsal ridges and warts. Primary Dorsal Ridge Series 2 broken and only partially visible on right side, not extending full length of dorsum. Primary Dorsal Ridge Series 1 and 3 are greatly reduced to few weakly-developed warts. Lateral ridge absent on left, weakly present on right. Numerous conspicuous but narrow, raised oval warts present on flanks. Dorsum otherwise relatively smooth, with few slightly raised warts. Weak supratympanic ridge of warts apparent. Variation. Adult material from the coastal lowlands of Kenya and Tanzania (Fig. 4 , Appendix 1) differs from typical Mozambican material of P. angusticeps (Figs 2, 3) in the following respects. The vertebral stripe is narrower, better defined and a darker orange-red colour in preservation. The dorsum may present more, but poorlydefined and wider broken ridges, and have more distinct dark dorsal blotches. Barring is occasionally absent between the upper lip and the eye. Adults are larger than those from Beira. The asperites on the dorsal surface of the tibia are more irregularly arranged.
Metamorphs and subadults. The metamorphs of P. angusticeps can be distinguished from both P. adspersus and P. edulis on at least three external characters. The adult pattern of fewer ridges and conspicuous oval warts is also evident in metamorphs and subadults of P. angusticeps ( Figs 11A-C) . There are only a few broken ridges in place of Primary Dorsal Ridge Series 2, and the dorsum is covered in conspicuous oval warts, usually more pronounced laterally, in metamorph material (with tail vestiges) from NMZB that we assigned to P. angusticeps based on occurrence at the same locality as the distinctive subadult paratypes. These evenly-spaced warts in metamorphs and sub-adults of P. angusticeps are absent from the dorsum in metamorphs of P. adspersus (Figs 11G-I), P. edulis and P. obbianus ( Figs 11D-F) , and conform in appearance to those observed in the warty adult individual illustrated by Channing (2001, fig. 22 .5), Channing et al. (1994, plate 1b) , and Channing & Howell (2006, plate 22.6) . They resemble dorsal warts observed in the pyxicephaline genus Poyntonia Channing & Boycott, 1989 . The metamorphs of P. obbianus also differ markedly in colouration from their congeners, being finely vermiculated over the entire dorsum, with larger blotches present only on the limbs, and in having immaculate abdomens. A primary series of six ridges develop in late-stage P. adspersus and P. edulis larvae, and are pronounced by the time metamorphosis is complete ( Figs 11G-I) ; these ridges are lacking in metamorphs of P. obbianus ( Figs 11D-F) .
Larvae. Tadpoles listed in the account of Pickersgill (2007 fig. 47, top, viz. MP 2155 from Tica, Mozambique, are typical of P. edulis (according to information presented in Du Preez & Carruthers 2009: 414-417) , in having the labial tooth row formula 5(3-5)/3. The tadpole of P. angusticeps is unknown.
Distribution. suggested that P. angusticeps was probably isolated from the western populations of P. edulis by the old course of the Zambezi River, which reached the sea south of Beira. He predicted that the range of P. angusticeps would include the area north to the Zambezi River and west to the Urema Trough. Although the southern limit of the known distribution of P. angusticeps appears to be the type locality, Beira in Mozambique, the species probably extends northwards through the lowland plains of East Africa, as far as Kakuyuni in Kenya (Appendix 1). A distribution map of P. angusticeps in East Africa is presented in Fig. 1 , and is similar to that presented for P. edulis in fig. 252 of Channing & Howell (2006) . There is, however, a substantial disjunction between known records from Mozambique and those from Tanzania and Kenya, which may be due to poor collecting effort in the intervening lowlands. Few herpetological surveys have been undertaken in Mozambique, and even those conducted in areas where Pyxicephalus should occur (e.g. Jacobsen et al. 2010) may not detect these frogs, due to their prolonged periods of inactivity. We have used the distinctive characteristics of the metamorphs (discussed above) to assign some metamorphs without associated adult material from two additional localities to P. angusticeps. Jorge (1933DD) is on the Buzi River, about 120 km upstream from its confluence with the Pungwe River estuary. Alvez de Lima (2034AB) was a safari camp ca. 50 km south-west of Beira, far from any major rivers. According to unpublished ecological modeling results (C.A. Yetman), areas in northern Mozambique with potentially suitable habitat for P. angusticeps include parts of north-central Manica Province, south-west of Quelimane on the coast in Zambezia Province, and along the Limpopo River in central Gaza Province.
Conservation status. Additional survey work is required to accurately assess the range and conservation status of P. angusticeps, which may be more widespread in East Africa. Currently, it is best considered as 'Data Deficient' (IUCN 2011).
Discussion

Type localities and Lectotype designation for Pyxicephalus edulis
Peters' (1854: 626) original description gives the type localities for P. edulis as "Mosambique, Boror, Tette". Specimens from these three localities labeled as types in the Museum für Naturkunde in Berlin (ZMB), underlined in red in the catalogue and marked with an asterisk, were collected before Peters' (1854) description. The ZMB accession numbers were presumably added later. Much of Peters' type material at ZMB is simply labeled "Mosambique", including four type specimens of P. edulis. Some of the actual localities are listed in his publications. Peters (1882: 153) mentions "der Insel Mossambique" in his later account of P. edulis, suggesting that the exact locality of the four ZMB type specimens labeled as "Mosambique" is either Mozambique Island, where Peters was based, or the mainland opposite this. Channing et al. (1994) listed Sena and Cabaçeira as type localities of P. edulis, and stated that two type specimens were collected from Sena (ZMB 10057), but the type specimen(s) from Cabaçeira could not be traced. The Cabaçeira specimens (ZMB 10058, originally two specimens; the second now moved to ZMB 77320) were recently located. However, Peters (1854: 626) mentioned neither Cabaçeira by name, nor Sena in his original description of P. edulis, although he mentioned all five localities in his subsequent treatment of this species (Peters 1882) . The specimens from Sena are underlined in a different red pen from that used to underline the original types in the ZMB catalogue, and listed as types therein, but the numbers from Cabaçeira are not underlined. We do not consider the specimens from Sena or Cabaçeira as part of the type series. Loveridge (1950) restricted the type locality of P. edulis to one of the three localities mentioned by Peters (1854), viz. Tete, which is relatively distant (ca. 400 km NNW) from the type locality of P. angusticeps, i.e. Beira. To avoid future confusion regarding the identity of P. edulis, we hereby designate an adult male ZMB 50301 [old number ZMB 10056] (Fig. 5 , see Appendix 1) from Tete as the lectotype of P. edulis. Tete is the only unambiguous locality for the type specimens mentioned in Peters' (1854) original description from which specimens still exist, and Loveridge (1950) also regarded Tete as the type locality of P. edulis. Peters' remaining specimens from the three localities mentioned in the description are hereby designated as paralectotypes of P. edulis. Three of the four adult ZMB paralectotype specimens and Peters' two ZMB adults from Sena that we examined are typical of the large Pyxicephalus widespread in Mozambique (Fig. 5) , and precisely match the habitus figure XXIII and skull figure XXVI published by Peters (1882) . This form is hereafter considered typical P. edulis. The remaining adult paralectotype examined, ZMB 10056 (Fig. 6 ) reportedly originating in 'Tette', is conspecific with P. angusticeps, as assessed from its small odontoids that are wider than long, lack of white tympanic markings, relatively smooth dorsum, brownish colouration on areas of the ventral surface, large femoral glands (not shown) and narrower head width than Peters' other specimens of P. edulis (which are all as in Fig. 5 ). We assume that the locality data for ZMB 10056 may be erroneous; no other specimens of P. angusticeps have been collected near Tete, despite numerous other collections, including recent survey effort, from the area (see Appendix 1).
Taxonomic characters of adult Pyxicephalus
The discussion below refers to character states described in Table 1 , with levels of variation observed between populations from major geographical regions of Africa documented in Table 2 .
Head width. Male Pyxicephalus, with the exception of P. angusticeps, develop a disproportionately enlarged head as they mature. This is part of a suite of complex, highly specialized, correlated morphological characters associated with the specialized breeding system found in most species of Pyxicephalus (Scott 2005 ), which appears to have evolved convergently in the 'fanged ranids' of Asia (sensu Emerson & Ward 1998) . The main diagnostic characteristic of P. a. angusticeps presented by was the comparatively narrower head width (see Fig.  10 ). Poynton & Broadley (1985: 122) stated "the three forms recognised by Parry [from southern Africa] can be distinguished at all ages on the basis of skull width…", in that P. a. angusticeps displays a head width less than 41% of SVL.
Relative head width as a diagnostic character in Pyxicephalus was dismissed by Channing et al. (1994) , because their own measurements showed wide, and similar, variation within P. adspersus and P. edulis. These authors found that Parry's (1982) measurements of P. a. angusticeps fell within the variation they observed in P. edulis, including the two ZMB types from Tete, one of which is now known to be conspecific with P. angusticeps. However, neither nor Channing et al. (1994) considered meristic differences among semaphoronts. It is not surprising that the averages for the meristic data presented by Channing et al. (1994) are uninformative, and that the standard errors of Parry's (1992) morphometric analysis overlap, because the data for both sexes and all stages were pooled. However, Channing & Howell (2006: 322) state that the taxon they consider as P. edulis can be distinguished from P. adspersus on the basis of a narrower head (see Figs 10G-H vs. Figs 10A-F) .
Colouration. Pyxicephalus angusticeps does not exhibit the wide cream-coloured lateral stripes and creamycoloured vermiculations laterally on the flanks that is often present in subadult P. adspersus, which are typical of P. edulis from Mozambique and P. obbianus from Somalia. The dorsal and lateral skin of preserved P. angusticeps is dark brown with darker blotches that are barely evident. A coppery-orange vertebral stripe is clearly visible in P. angusticeps from Mozambique, formed by the absence of dorsal blotches allowing the base colour to be apparent. The vertebral stripe is thus less sharply defined in P. angusticeps, and is wider than that observed in typical P. edulis. Fine stippling is visible in the base colour of type material from Beira. The upper jaw of P. angusticeps adults is barred, as in P. edulis from throughout Africa and P. obbianus from Somalia, but not as in adults of P. adspersus Poynton & Broadley 1985; Lambiris 1989 
; Du Preez & Carruthers 2009).
Gular pattern. A striking feature of subadult paratypes of P. angusticeps (NMZB-UM 19774A, Figs 11B-C), noted by and Poynton & Broadley (1985) , is the distinct darkly marbled colouration of the gular region. This general pattern is observed in other members of the genus and other pyxicephaline genera, e.g. Amietia Dubois, 1986 . The mottling appears to fade in adult Pyxicephalus, particularly males, whereas females usually retain a few more spots or mottles, sometimes concentrated laterally. Male P. adspersus may display a densely spotted or blotched gular and chest region; in life, dark green or yellow spots are visible, fading to grey in preservative. The postero-lateral areas of the gular region and often the anterior chest region of males of P. angusticeps and P. edulis may be uniform grey, or coloured as the rest of the ventrum. However, as noted by and Poynton & Broadley (1985) , the mottling is considerably darker, with fine, strongly-developed vermiculations which are more persistent in adult females of P. angusticeps (Fig. 3F ) than in other species of the genus, including P. adspersus (we have no information for female P. obbianus). Dorsal ridge pattern. Based on an examination and measurements of snout-vent length (SVL) and head width of the ZMB types of P. edulis by a third-party, Channing et al. (1994) assumed that P. edulis was equivalent to P. angusticeps, and stated (p. 145), "The smoother dorsum [compared to P. adspersus] of the breeding males at Beira is also characteristic of Peters' types of P. edulis. The name P. edulis is therefore valid". However, both P. edulis and P. angusticeps have less well-developed dorsal ridges than P. adspersus, so this holds true for both taxa in comparison to P. adspersus. There is a noticeable distinction between the development of ridges of P. edulis and P. angusticeps. Photographs of the types of P. edulis show distinct well-developed ridges on the dorsal surfaces (Fig.  5A) , the single exception being the specimen of P. angusticeps in the type series of P. edulis (Fig. 6A) , which has a smooth dorsum.
Pyxicephalus angusticeps either has no ridges, or only Primary Dorsal Ridge Pair 2 (the central pair of the three basic primary dorsal ridges) is distinct. If present in P. angusticeps, Primary Dorsal Ridge Pair 2 runs longitudinally, aligned behind the eyes, and is reduced anteriorly and posteriorly. The dorsum in adults of P. angusticeps is otherwise relatively smooth, but may have evenly spaced, rounded or elongated oval warts thereon. The flanks of P. angusticeps are covered in small, evenly-spaced, conspicuous, round or oval warts. These warts are also usually seen in P. adspersus and P. edulis, but in these taxa, they are usually well-developed, elongated and may form a set of lateral ridges in addition.
Tympanum colouration. An obvious difference between P. angusticeps and P. edulis is the absence of the light coloured spot or crescent on the tympanum in the former. This white marking was considered diagnostic of P. edulis by Lambiris (1989) and Du Preez & Carruthers (2009). Channing et al. (1994) noted that the light tympanic marking is absent in material from Beira, and did not report its presence in his description of the holotype of P. angusticeps (NMSA 1992, Figs 2A, 2C, 2D) . The light tympanic marking is consistently absent in P. angusticeps from Mozambique, but is consistently present in type and non-type material of P. edulis from throughout Africa, although its shape may vary geographically, e.g. it is present only as a thin cream-coloured crescent in West African material. There is no light spot on the hyper-enlarged tympanum of P. obbianus, although the pars externa plectri are prominent (Fig. 8C) .
Tympanum size and position. The character used to separate P. adspersus from P. edulis in the key of Channing (2001), i.e. distance from tympanum to eye is less than one eye diameter in P. edulis, and more than one eye diameter in P. adspersus is unreliable in adults and fails in juveniles. This ratio does not appear to be a fixed value as males grow into the largest size classes, as assessed among individuals within populations from single localities, but appears to be contingent on the extent of development of the squamosal (unpublished CT scan data, and suspected by Pickersgill 2007: 105) . Particularly in males of both P. adspersus and P. edulis, the tympanum appears to displace backwards as the skull thickens in older larger individuals. The use of this character offers some explanation as to why large individuals of P. edulis are often incorrectly assigned to P. adspersus, and why juveniles and smaller adults are more often assigned to P. edulis. Furthermore, the character does not hold true in the type series and fresh material of P. edulis from Mozambique, in which the tympanum is at least one eye diameter from the eye, often further away, as in P. adspersus from Malawi, Namibia and South Africa. The tympanum is hypertrophied and positioned right next to the eye, by virtue of its large size, in P. obbianus. However, in P. angusticeps, the tympanum is much less than one eye diameter from the eye, usually around one tympanum width from the eye. Using the tympanum width against the distance of the tympanum from the eye appears to yield more accurate, consistent results within populations and between species than using the eye diameter, but still may not account for allometric growth changes that occur in larger individuals when the skull widens and thickens. This phenomenon is under further investigation using Geometric Morphometric methods.
Odontoids. All species of Pyxicephalus have well-developed odontoids in the lower jaw, but these are much smaller and differ in shape in P. angusticeps (Fig. 12B) . Channing & Howell (2006: 319) used the character 'longer than wide' versus 'as long as wide' odontoids to distinguish P. adspersus from their concept of P. edulis. We regard this as a diagnostic character separating P. angusticeps, wherein the visible section of the odontoids appear small and triangular, and are about as long as their bases are wide, from other species of Pyxicephalus, which all have substantially larger, longer odontoids. In P. adspersus (Fig. 12A) and P. edulis (Figs 12C-D) , odontoids are longer than wide, and in P. obbianus (Fig. 8D) they are large but appear more triangular.
Femoral glands. These glands are present in all species of Pyxicephalus Ohler 1996; Crnkovic 2003; Scott 2005 character 140; Oliver & Scott-Prendini 2011) and its sister-genus, Aubria Boulenger, 1917 (Ohler 1996 Scott 2005) . Femoral glands are confined to the distal two-fifths of the inner thigh in P. angusticeps, but tend to be relatively larger, especially in subadults, than in P. adspersus, P. edulis and P. obbianus. They may have an irregular white pattern in subadults of P. angusticeps, which Parry (1982: 290) noted as "very faintly marked with light area". Dorsal asperites. The dorsal surfaces of the calves and thighs have small white asperites in breeding adult Pyxicephalus, which tend to merge into lines on slightly raised ridges in P. angusticeps (not observed in P. adspersus, P. edulis and P. obbianus).
Nuptial pads. Nuptial pads are restricted to the thumb (i.e. Digit II of hand sensu Fabrezi & Alberch 1996) of P. angusticeps and P. obbianus, whereas they are present on the thumb and next two fingers (Digits II-IV) of P. adspersus and P. edulis from throughout Africa. Channing et al. (1994) based their recognition of P. edulis predominantly on the difference between the shorter call of the taxon they considered as P. edulis and the longer call of P. adspersus, stating (p. 145): "The distinctive advertisement call described below confirms that a second species of bullfrog is present in southern Africa. This call was recorded from a number of localities, including Beira, near the type locality of P. edulis". Channing et al. (1994: 144) presented a spectrogram, alleged to be P. edulis, as their fig. 1b . Although the locality at which this recording was made was not stated by Channing et al. (1994) , the original sound file which produces this particular spectrogram is labeled as Beira (Fig. 13E) . The voucher specimens collected from the locality at which this recording was made (AC 1104, Figs 3A-B; and AC 1112, Figs 3C-D) are conspecific with the holotype of P. angusticeps (Fig. 2) . The calls recorded from Dondo (ca. 30 km NNW of Beira) by Pickersgill (2007) are similarly assigned to P. angusticeps based on the identity of the voucher specimens collected there (MP 3143, and MP 3144) .
Advertisement calls
Further work is required to accurately determine whether differences exist between the calls of P. angusticeps and P. edulis, because the number of individual calls, length and quality of the available recordings are inadequate to compare them statistically. However, the known calls of both species appear to be substantially shorter in length than those of P. adspersus (Figs 13A-B) . The call of P. angusticeps (Fig. 13E ) appears to differ from that of P. edulis (recorded from the Limpopo and Mpumalanga Provinces of South Africa, Figs 13C-D) , being slightly shorter, with a higher dominant frequency (as generally expected from smaller size), and with greater frequency modulation (the dominant frequency raises and falls again during the call), than the other calls referred to P. edulis by Channing et al. (1994) , which are flatter in dominant frequency, as in the spectrogram of P. edulis presented in Du Preez & Carruthers (2009: 479) .
Breeding biology of P. angusticeps
On the basis of the identity of the aforementioned voucher specimens from Beira ( Figs 3A-D) , we consider that the account of the breeding biology of Pyxicephalus from Beira refers to P. angusticeps. Channing et al. (1994: 145) noted distinct breeding differences between the Pyxicephalus they observed in Beira (which they considered as P. edulis) and their own observations of P. adspersus from Bloemfontein. These observations from Beira differ markedly from the published literature for P. adspersus (Balinsky & Balinsky 1954; Clauss & Clauss 2002; Cook & Minter 2004; Passmore & Carruthers 1996; Du Preez & Carruthers 2009 ), but also from other published observations of P. edulis, in the following ways.
Response to rainfall. Channing et al. (1994: 145) described the breeding of Pyxicephalus from Beira (under P. edulis) as being similar to that of Rana [Amietia] angolensis Bocage, 1866 . Channing (2001 stated that males of P. edulis call "after even light rain early in the [rainy breeding] season"; this is re-iterated in Channing & Howell (2006) . Based on our unpublished observations, and as reported by Cook & Minter (2004) , Braack & Maguire (2005) and Du Preez & Carruthers (2009) , the breeding biology of P. edulis is similar to that of P. adspersus, and spawning is triggered in both species by heavy rain, considered a minimum of 65 mm in a 48 hour period for P. adspersus by Channing (2001) .
Egg laying. Channing et al. (1994) state that eggs of Pyxicephalus from Beira (i.e. P. angusticeps) appeared to be laid in the typical Rana [Amietia] fashion, whereas Du Preez & Carruthers (2009) documented that the amplecting pair's cloacas are lifted out of the water during egg laying in both P. adspersus and P. edulis.
Lekking behavior and diel activity. Channing et al. (1994) and Channing & Howell (2006) state that the species they consider as P. edulis lays eggs at night throughout various parts of the breeding ponds. Diurnal breeding, during which 'leks' are formed by concentrations of males, have been recorded for both P. adspersus and P. edulis (Du Preez & Carruthers 2009) .
Aggression. Channing et al. (1994) reported that no inter-male aggression during breeding was observed in the Pyxicephalus from Beira. Aggression during breeding is well-documented for both P. adspersus and P. edulis. Cook & Minter (2004) noted that the populations of P. edulis from Mpumalanga Province, South Africa (geographically proximate to Mozambique), differ in aggression and breeding from the account from Beira, Mozambique, given by Channing et al. (1994) . Aggression during breeding in P. edulis has also been documented by Braack & Maguire (2005) , from the Hans Merensky Nature Reserve in Limpopo Province, South Africa. Braack & Maguire (2005) stated that their observations corroborate those of several farmers in the Phalaborwa and Hoedspruit districts of Mpumalanga Province, South Africa, as well as those of L. Minter in the Kruger National Park. The generic account for Pyxicephalus in Du Preez & Carruthers (2009) does not note any differences in breeding biology between P. adspersus and P. edulis. It is unlikely that these above-mentioned accounts include material of P. angusticeps, due to the species apparent absence from Botswana, Lesotho, Namibia, South Africa, Swaziland, Zambia and Zimbabwe (as assessed from available museum specimens, Appendix 1). However, the importance of providing voucher specimens to affirm literature accounts is underscored here; without listing voucher specimens, identifications cannot be verified post hoc.
Sympatry of Pyxicephalus species
According to Channing et al. (1994) and Channing (2001) , P. adspersus and P. edulis both occur on the Mozambique coastal plain, and local inhabitants reportedly eat the smaller species early in the rainy season, and the larger species after very heavy rainfall in February. Channing (2001: 351) notes that local tribesmen in Mozambique even prepare them for consumption differently. Channing (2001) also mentions that the local people believe the small animals from early in the season grow into the large animals, which are only found later in the season after heavy rains. This is unlikely, because skeletochronological research on P. adspersus indicates that it takes at least 3-4 years for a male to reach breeding size .
These field observations and folklore are consistent with the occurrence of two phenologically distinct species of Pyxicephalus on the Mozambique plain. However, we suggest that these two species, one larger and the other smaller, are in fact P. edulis and P. angusticeps respectively; not P. adspersus and P. edulis, as interpreted by Channing et al. (1994) . It is important to recognise that P. edulis is not a small species, and male specimens may attain considerable size. reports that males of P. edulis average 100 mm. Our unpublished data indicate that typical P. edulis males from Mozambique can reach 138 mm SVL (recorded for MNHNP 2010.0153, Fig. 7 ), but are not as large as the largest P. adspersus (maximum 191 mm SVL recorded for AMNH-A 23621). Misidentifications of P. edulis as P. adspersus that appear to be based on size are common in museum collections. Furthermore, no characters reliably distinguish the metamorphs of P. adspersus from P. edulis until a fairly large size class is reached (hence our list of 'indeterminate' metamorphs in Appendix 1). A large proportion of museum material of Pyxicephalus comprises small metamorphs, which emerge in large numbers and are easily collected, but often poorly preserved. This material has generally been variously assigned to P. adspersus or P. edulis. The erroneous sympatric distribution reported for P. adspersus and P. edulis appear to be due largely to size-based museum determinations, together with random determinations of juveniles, compounded by general confusion arising from failure of some traditional characters to adequately diagnose these two taxa (see revised key). misidentified some large individuals of P. edulis from Botswana as P. adspersus (asterisks in Appendix 1). Specimens from Botswana have previously been difficult to identify. and Poynton & Broadley (1985) mention 'introgression' of P. adspersus and P. edulis characteristics in material from Botswana. However, did not misidentify any adult material from Mozambique as P. adspersus (see Appendix 1). Our revised distribution data for re-examined adult museum specimens from Mozambique corroborates the studies of and Poynton & Broadley (1985) , neither of which listed any specimens of P. adspersus from the Mozambique plain, despite examining all material available in several major collections. Based on this evidence, we conclude that P. adspersus does not occur on the Mozambique plain.
We agree with Pickersgill (2007) that the apparent sympatry of P. adspersus and P. edulis mentioned by Channing et al. (1994) , on the basis of an unspecified recording from Naboomspruit (Limpopo Province, South Africa) wherein both species were allegedly present, remains to be verified. The only available published sonograph from the locality (see Fig. 13B ) indicates only the long call. This also applies to Channing's (2001: 350) statement that both species occur together at Nylsvlei (near Naboomspruit) and at Beira in Mozambique. The recording(s) and/or sonographs which form the basis of these statements of sympatry need to be re-examined. In the absence of adult voucher specimens of both P. adspersus and P. edulis from these localities, and given the apparent confusion of P. edulis and P. angusticeps documented above, it is more parsimonious to assume that P. adspersus and P. edulis are allopatric.
We suggest that P. angusticeps and P. edulis may be sympatric on the Mozambique plain, although these two species have not yet been observed in the same microhabitat. If syntopy were the case, other isolating mechanisms must be in force separating P. edulis and P. angusticeps, e.g. differences in breeding phenology, diet and/or male vocalizations. Channing et al. (1994) documented differences in breeding phenology between the two species on the Mozambique plain (discussed earlier), but clear differences in calls between these two taxa have not rigorously been established yet, requiring further investigation. Larger general size in concert with a wider gape in P. edulis could theoretically be responsible for ecological niche differentiation in diet between adults of this species and P. angusticeps. Lynch (1975) mentioned that wide gape of the wide-headed Pyxicephalus of Africa could be correlated with the specialized habit of predating on other frogs. Lynch (1975) restated the views of Hutchinson (1959) that greater head width and concomitant gape size in frogs seems to be a means of affecting niche separation without having to become larger. Pyxicephalus angusticeps is not as squat as its congeners, with relatively thin, long fingers and a slight increase in toe webbing, compared to P. edulis. The narrower head, more gracile body form, slight increase in webbing and longer digits of P. angusticeps, as compared with P. edulis, suggest a more aquatic lifestyle. Pyxicephalus angusticeps may require more swamp-like habitats or flooded grasslands, based on the habitats (e.g. flooded rice paddies) in which it has predominantly been collected in Mozambique.
Conclusion
The confusion and mistaken synonymy of P. angusticeps with P. edulis originates primarily from the decision of Channing et al. (1994) to compare P. adspersus to what they thought was P. edulis material from Beira. These authors synonymized the described Pyxicephalus taxon from Beira, at the same time concluding that P. edulis is specifically distinct from P. adspersus. Channing et al. (1994) used distinct call differences between the long call of P. adspersus from Bloemfontein and the form(s) with shorter calls, including P. angusticeps material from Beira, as evidence. Channing et al. (1994 ) dismissed Parry's (1982 main diagnostic character of P. angusticeps, viz. a narrower head width. However, Channing & Howell (2006) use a narrower head width to diagnose their concept of P. edulis (which we consider as P. angusticeps) from the larger species present in the lowlands of East Africa.
The presence of two species of Pyxicephalus on the Mozambique plain is confirmed by examination of museum specimens and literature. This supports our opinion that P. angusticeps and P. edulis may be sympatric on the Mozambique plain. It does not support the distinction of P. adspersus and P. edulis, as presented by Channing et al. (1994) . Channing et al. (1994) made important observations regarding the distinct breeding biology and call of the Pyxicephalus from Beira, which show that it is specifically distinct from P. adspersus, and provided other ecological information which, in retrospect, distinguishes P. angusticeps from P. edulis. These distinctive differences merit further investigation, particularly with regard to aestivation strategies, temporal activity in response to rainfall, and possible differences in ecological niche compared to P. edulis. Although notable taxonomic difficulties remain in Pyxicephalus, particularly in distinguishing P. adspersus and P. edulis from throughout all regions of Africa, this issue does not affect the recognition of P. angusticeps, the type material of which is distinct from P. adspersus, P. obbianus, and the type material of P. edulis. We thus consider P. angusticeps as valid. A full generic revision, based on DNA sequence data, advertisement calls, morphometrics, external morphology and osteological data, will clarify outstanding issues in the taxonomy of Pyxicephalus.
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